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(54) Liquid dispensing device and methods utilizing a magnetically coupled valve system 



(57) A liquid dispensing device including a body (12) 
generally having an actuator cavity and a liquid pas- 
sage. A valve seat element (14) is connected to the body 
(12) and a valve stem (16) is mounted tor movement 
within the body (12) with respect to the valve seat ele- 
ment (14). Inner and outer magnetic elements (90,74) 
are disposed around the periphery ot the valve stem (1 6) 
to couple the valve stem (16) to the valve actuator (58). 
The inner magnetic element (90) is connected to the 
valve stem (16) for movement with the valve stem (16) 
within the body. The outer magnetic element (7 4) is con- 
nected with an actuator (58) and is slidable within the 
body in response to, for example, pressurized air being 
applied against the actuator. The magnetic elements 
(74,90) couple the valve stem (16) to the actuator (58) 
and eliminate the need for a dynamic seal between the 
valve stem (16) and body (12). 




FIG. 2 
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Description 

Field of the Invention 

[0001] This invention generally relates to liquid dis- 
pensing devices used for a variety of purposes, but par- 
ticularly useful for viscous liquids such as hot melt ad- 
hesives, sealing compounds, paints, etc. Such devices 
are referred to as fluid control valves or dispensing guns 
or modules. 

Background of the Invention 

[0002] A typical dispensing device for supplying liq- 
uid, such as hot melt adhesive, generally includes a 
body having a valve stem that opens and closes a dis- 
pensing orifice. The valve stem is usually actuated in at 
least one direction by pressurized air to dispense dis- 
crete amounts of pressurized liquid. Either a spring 
mechanism or pressurized air is used to move the valve 
stem in an opposite direction against a valve seat. This 
stops the flow of liquid from the dispensing orifice. 
[0003] More specifically, devices generally related to 
the present invention include a liquid passage adjacent 
the dispensing orifice and an actuator cavity or chamber 
at an opposite end of the device. The actuator cavity 
contains a portion of the valve stem which is connected 
with a piston member and which is also connected with 
a spring return mechanism, as discussed above. Under 
sufficient air pressure applied on one side of the piston 
member, the valve stem is moved in a direction away 
from the valve seat to discharge liquid. When the air 
pressure is relieved, the spring mechanism will automat- 
ically return the valve stem to a normally closed position 
against the valve seat. Such spring mechanisms gener- 
ally include an adjustment to vary the spring compres- 
sion and thereby vary the amount of air pressure re- 
quired to open the valve. Adjustment of the spring com- 
pression will also adjust the biasing force used to close 
the valve. These devices also include a stroke adjust- 
ment, or the spring compression adjustment also varies 
the stroke of the valve stem to adjust the flow rate. 
[0004] Despite the wide success of devices as de- 
scribed above, continuing problems exist. For example, 
a dynamic seal placed generally between the dispenser 
body and the moving valve stem typically prevents liquid 
from leaking into the actuator cavity. These dynamic 
seals press tightly against the valve stem and cause f ric- 
tion and seal wear. The higher friction places greater de- 
mands on the requirements for pressurized air to move 
the valve stem. Moreover, the valve typically hesitates 
as the pressurized air has to overcome high breakout 
friction. On the other hand, selecting a looser dynamic 
seal results in inadequate sealing, thus allowing the liq- 
uid to bind the piston and pressurized air to enter into 
the liquid passage, causing undesired dispensing dis- 
continuities. Even with reduced friction, the dynamic 
seal will wear over time and lose its ability to seal prop- 



erly. 

[0005] It would therefore be desirable to provide a dis- 
pensing method and dispenser device that eliminates 
or reduces the need for dynamic seals in contact with 
s the pressurized liquid, thus eliminating or reducing prob- 
lems such as those mentioned above. 

Summary of the Invention 

10 [0006] The present invention therefore generally pro- 
vides a liquid dispensing device having a body with a 
liquid passage, and a valve stem having a needle tip 
portion mounted for movement within the liquid passage 
between open and closed positions relative to a valve 

is seat. In accordance with the invention, a valve actuator 
is magnetically coupled to the valve stem across a bar- 
rier to move the valve stem between the open position 
and the closed position. The magnetic coupling elimi- 
nates the need for a dynamic liquid seal in engagement 

20 with the valve stem since the barrier performs as a static 
seal. 

[0007] In accordance with the preferred embodiment 
of the invention, first and second magnetic elements are 
disposed around the valve stem to couple the valve 

25 stem to the valve actuator. The first magnetic element 
is an inner magnetic element connected to the valve 
stem for movement with the valve stem within the body. 
The second magnetic element is preferably an outer 
magnetic element connected to the valve actuator for 

30 movement with the valve actuator. The magnetic cou- 
pling, i. e. , the magnetic attraction or repulsion forces be- 
tween the inner and the outer magnetic elements, en- 
sures that the valve stem moves with the valve actuator. 
The valve actuator is an air piston contained in an actu- 

35 ator cavity separated from the liquid passage by a static 
liquid seal, or barrier. The piston is moved in response 
to an external pressurized air input, such as pressurized 
air from a solenoid valve. 

[0008] Although other forms of attractive or repulsive 
40 magnetic elements are contemplated within the scope 
of this invention, the magnetic element arrangement de- 
scribed above is preferred. The inner magnetic element 
is formed by a plurality of inner annular magnets sepa- 
rated by inner annular magnetically conductive spacers 
45 on an outer surface of the valve stem. The outer mag- 
netic element is formed by a plurality of spaced outer 
annular magnets on an inner surface of a support sep- 
arated by outer annular magnetically conductive spac- 
ers. 

so [0009] The valve stem is preferably formed from a 
nonmagnetic material, such as a nonmagnetic metal or 
polymer, and includes a magnet mounting portion hav- 
ing a first end with a cap and a second, threaded end. 
The threaded end preferably receives the inner annular 

ss magnetic element. The second threaded end of the 
magnet mounting portion is mated to a needle tip portion 
of the valve stem which interacts with the valve seat to 
control the flow of liquid from the dispensing orifice. The 
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magnet mounting portion and inner magnetic element 
of the valve stem are encased within a nonmagnetic tu- 
bular member, which in turn is surrounded or circum- 
scribed by the outer magnetic element. The tubular 
member has a plug to prevent the escape ot the liquid 
from the tubular member to the exterior of the dispenser. 
[001 0] The outer magnetic element is mounted within 
an actuator cup that slidably engages a portion of the 
length of the nonmagnetic tubular member. The inner 
and outer magnetic elements are magnetically coupled 
so that movement of the outer magnetic element along 
the length of the tubular member causes a pulling move- 
ment or a repelling movement of the inner magnetic el- 
ement within the tubular member. Movement of the out- 
er magnetic element is preferably caused by pressu- 
rized air which moves the valve stem, as mentioned 
above, and a spring mechanism to return the valve stem 
to the closed position when the air pressure is reduced 
or turned off. 

[0011] The outer annular magnetic elements and 
magnetically conductive spacers are alternately placed 
in the actuator cup so that the polarity of each succes- 
sive magnetic element is reversed. Polymeric bearings 
are disposed at each end of the stacked outer magnetic 
element and spacer arrangement. In order to form a seal 
between the actuator cup and the interior of the body, 
the exterior of the actuator cup is threaded and a poly- 
meric seal is placed over a circular projection and a nut 
is placed over the seal and tightened to retain the poly- 
meric seal. The body includes a cylindrical actuator cav- 
ity to receive the actuator cup and, in a lower portion of 
the body, includes a cylindrical constriction to receive 
the tubular member. The tubular member is seated to 
the body at the constriction using a static seal, separat- 
ing the liquid passage from the actuator cavity. The stat- 
ic seal comprises one or a combination of the tubular 
member directly or indirectly engaging the constriction 
and/or a flexible seal placed between the tubular mem- 
ber and the constriction. The lower end of the tubular 
member communicates with the liquid inlet so that liquid 
may flow up the tubular member. The plug prevents liq- 
uid from escaping out the upper end of the tubular mem- 
ber and also prevents an excessive stroke length of the 
valve stem. The tubular member receives the inner 
magnetic element, magnet mounting portion and needle 
tip portion of the valve stem and these components 
therefore contact the liquid. With the liquid in contact 
with the needle tip portion and inner magnetic element, 
the sealed, magnetically-actuated valve stem module of 
the present invention is operable in excess of 2000 cy- 
cles per minute. 

[0012] These and other objects, advantages and fea- 
tures of the invention will become more readily apparent 
to those of ordinary skill in the art upon review of the 
following detailed description of the preferred embodi- 
ment taken in conjunction with the accompanying draw- 
ings. 
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Brief Description of th e Drawings 
[0013] 

Fig. 1 is a perspective view of a plurality of dispens- 
ing devices constructed in accordance with a pre- 
ferred embodiment of the present invention; 
Fig. 2 is a cross-sectional view of the device shown 
in Fig. 1 in the closed position and taken generally 
along line 2-2 thereof; 

Fig. 3 is a cross-sectional view of the device similar 
to Fig. 2 showing the device transitioning to an open 
position; 

Fig. 4 is an enlarged sectional view of a portion of 
the device shown in Fig. 1 ; and 
Fig. 5 is an enlarged sectional view of a portion of 
the device shown in Fig. 1 . 

Detailed Description of the Prefer red Embodiments 



20 



[0014] Referring to Figs. 1-3, the dispensing device 
10 of the preferred embodiment includes a body 12, a 
valve seat 14, and a valve stem 16 mounted for recip- 
rocating movement within body 12. Valve stem 16 forms 
25 a valve with valve seat 1 4. Body 1 2 is preferably formed 
from aluminum while valve seat 14 and valve. stem 16 
are preferably formed from nonmagnetic stainless steel. 
Seat 1 4 can include a seat insert 1 8 formed of a harder 
material, such as tool steel or carbide. As further shown 
30 in Fig. 2, body 12 of device 10 includes a longitudinal 
bore 20 which is sealed by an upper cap 22,.preferably 
of nonmagnetic stainless steel, and by seat 14. 
[0015] Longitudinal bore 20 has a constriction 26. The 
portion of the longitudinal bore 20 above the constriction 
35 26 is an actuator cavity 28 and the portion below is a 
liquid passage 30. Within the longitudinal bore 20 is a 
cylindrical tubular member 34 extending from the upper 
cap 22, through the actuator cavity 28, and through the 
constriction 26 to the liquid passage 30. The preferred 
40 material for the. tubular member 34 is nonmagnetic 
stainless steel. 

[0016] The actuator cavity 28 is sealed from the liquid 
passage 30 primarily by having the tubular member 34 
in substantial contact with the walls of the constriction 
45 26. Additionally, a main static seal 36 is contained in a 
recess 38 in constriction 26 and peripherally contacts 
the tubular member 34 in a liquid-tight manner. Alterna- 
tively, the tubular member 34 could be molded or bond- 
ed to the constriction 26 such that the main static seal 

so 36 is unnecessary. 

[0017] Tubular member 34 is held longitudinally in 
place by the upper cap 22 and a washer 40 held in place 
by one end of a lower spring mechanism 42. The second 
end of the lower spring mechanism 42 primarily rests 

55 against a shoulder in the valve seat 1 4 in the distal end 
of the lower cap 24. The valve seat insert 1 8 is f rictionally 
held within the valve seat 14. Alternatively, to enhance 
maintainability, the second end of the lower spring 



rs» ,or>rv»tr»- .Cn 



fW3Q7«-7RA'? I •> 



5 EPOS 

mechanism 42 may be operatively connected to the 
valve seat insert 18, such as through an intervening 
washer, to hold the insert 18 in position against the valve 
seat 14. 

[001 8] The washer 40 in combination with the lower 
spring mechanism 42 serves a protective function of 
yieldingly resisting the insertion of the tubular member 
34 into the liquid passage 30 during assembly, prevent- 
ing deformation of the tubular member 34. Such defor- 
mation could result in binding of the valve stem 1 6. This 
protective function is. achieved by having the tubular 
member slidably engaged within the longitudinal bore 
20 and thus able to extend further into the liquid passage 
30 to avoid compression by the upper cap 22. 
[001 9] The upper end of tubular member 34 contains 
a plug 44 and seal 46 to prevent the escape of liquid 
through the tubular member 34. The position of plug 44 
and seal 46 is adjustable by threaded rod 48 and lock 
nut 50 to adjustably control the stroke length of valve 
stem 16, and thereby setting a maximum position for the 
open position. Fig. 2 shows a valve stem space 52 be- 
tween the plug 44 and the valve stem 1 6 when the valve 
stem 16 is in the closed position. This space 52 is re- 
duced, as shown in Fig. 3, when the valve stem 16 is 
transitioning to the open position. The upper end of body 
12 is generally defined to include an air entry port 54 
communicating with the actuator cavity 28 which can be 
pressurized to force an actuator 58, comprising a piston 
assembly, upwardly as shown in Fig. 3. 
[0020] The actuator 58 generally includes an actuator 
cup 59, a seal 60, typically formed from a rugged poly- 
mer such as glass impregnated PTFE discs (sold as Ru- 
lon type AR by Furon Company) and a locking ring 62 
to maintain the position of seal 60. The seal 60 contacts 
the walls of the actuator cavity 28 defining an upper 
chamber 63 and a lower chamber 64. The actuator cup 
59 is generally forced toward the lower end of body 12 
by one end of an upper spring mechanism 65. The op- 
posite end of spring mechanism 65 bears against the 
upper cap 22. The air pressure required to overcome 
the upper spring mechanism can be made adjustable 
by substituting springs of desired response or by includ- 
ing an element to lower the contact point between the 
upper cap 22 and the upper spring mechanism 65. In 
this latter regard, one or more washers may be placed 
between cap 22 and spring mechanism 65. The actuator 
cup 59 typically includes lower bearing 66 and upper 
bearing 68 which contact and move along the cylindrical 
tubular member 34. The upper bearing 68 is held in 
place within the actuator cup 59 by a pressfit member 
69. 

[0021] Referring to Figs. 2 and 3 : the valve stem 16 
includes a needle tip portion 76 with a ball 78 at its ex- 
treme end, the ball 78 contacting the valve seat insert 
18 and closing a dispensing orifice 80 when the valve 
stem 16 is in its closed position. The valve stem 16 also 
includes a magnet mounting portion 82 having its first 
end threadably attached to the needle tip portion 76 and 
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having its second end widening into a cap 84. 
[0022] Referring to Fig. 4, within the actuator cup 59 
between the lower bearing 66 and upper bearing 68, 
outer iron spacers 70 and outer torric magnets 72 are 

s alternately stacked, forming an outer magnetic element 
74. The magnet mounting portion 82 holds alternately 
stacked inner iron spacers 86 and inner torric magnets 
88, forming an inner magnetic element 90. 
[0023] The gun 1 0 may operate at temperatures of up 

io to 500° F and, therefore, a magnet which maintains its 
strength to high temperatures is preferred. One such 
rare earth magnetic material is samarium cobalt. Two 
samarium cobalt compositions which are suitable are 
Co 5 Sm which is 66% by weight cobalt and 34% by 

is weight samarium or Co 17 Sm 2 which is 77% by weight 
cobalt and 23% by weight samarium. Other magnets 
may be used for both high and low temperature appli- 
cations. Suitable materials for low temperature applica- 
tions may include neodymium- iron-boron. 

20 [0024] As shown in detail in Fig. 5, a narrow spacer 
71 is first placed in the actuator cup 59 over seal 66. 
Outer torric magnet 72a is followed by a thicker outer 
spacer 70a. Outer torric magnets and spacers are then 
alternately placed in actuator cup 59. The thicknesses 

2S and other dimensions of the various spacers and mag- 
nets may vary according to the application needs and 
force requirements. The cup 59 is preferably formed of 
nonmagnetic lightweight material such as aluminum or 
various polymers such as PEEK, ULTEM, FRP, etc The 

30 spacers are aligned such that the adjacent surfaces of 
two spaced magnets are of the same polarity. For ex- 
ample, the upper surface of magnet 72a as well as the 
lower surface of magnet 72b are the north poles of the 
respective magnets. Similarly, the adjacent faces of 

35 magnet 72b and 72c would be the south poles of the 
two magnets. 

[0025] Similar to the outer magnetic element 74, the 
inner magnetic element 90 is assembled by stacking in- 
ner torric magnets 88 and inner spacers 86 alternately 

40 on the magnet mounting portion 82. When the magnet 
mounting portion 82 is threadably inserted into the nee- 
dle tip portion 76, an inner thin spacer 81 is against the 
needle tip portion 76. Above this is inner torric magnet 
88a. The spacers are aligned such that the adjacent sur- 

45 faces of two spaced magnets are of the same polarity. 
For example, the upper surface of inner magnet 88a as 
well as the lower surface of inner magnet 88b are the 
south poles of the respective magnets. Similarly, the ad- 
jacent faces of inner magnet 88b and 88c would be the 

50 north poles of the two magnets. 

[0026] The inner and outer magnetic elements 90, 74 
-■ mirror each other in that the dimensions and positions 
of the magnets and spacers are the same, only with the 
polarities reversed so that the elements 90, 74 mutually 

55 attract one another. As shown in Fig. 5, displacing the 
actuator 58 downward, and hence displacing its outer 
magnetic element 74 downward, creates a downward 
pull on the inner magnetic element 90 until inner mag- 
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netic element 90 is again aligned. As mentioned above, 
movement of outer magnetic element 74 may cause in- 
ner magnetic element 90 to be pulled along with it to or 
1rom an open or closed position as shown in Figs. 2 and 
3 or, conversely, movement of outer magnetic element 
74 may push away, i.e., repel inner magnetic element 
to or 1rom the open or closed position. This will simply 
depend on the positions ot the magnetic poles, as will 
be understood by those of ordinary skill. 
[0027] As shown best in Fig. 3, the body 1 2 generally 
includes the liquid passage 30. Liquid passage 30 ex- 
tends into valve seat 14 around lower spring mechanism 
42. Liquid passage 30 therefore allows liquid to flow into 
the valve seat 18 and ultimately to the dispensing orifice 
80. A liquid entry port 92 leads to liquid passage 30 to 
allow introduction of liquid into body 1 2. The body 12 is 
shown operatively connected to a manifold 94 providing 
pressurized air to the air entry port 54 and the pressu- 
rized liquid to liquid entry port 92. Valve seat 14, which 
is connect to Ihe body by boils 100, is shown being 
threadably connected to a nozzle tip 96 having an outlet 
98. Various types ot nozzle tips may be employed to 
control the spray pattern of the liquid expelled from the 
orifice 80. 

[0028] Referring to Fig. 2, operation of the liquid dis- 
pensing device 10 begins with the pressurized liquid be- 
ing supplied by the manifold 94 through the liquid entry 
port 92 into the liquid passage 30. The manifold 94 also 
provides pressurized air through air entry port 54 into 
the actuator cavity 20 where the pressurized air imping- 
es on an actuator 58, forcing the actuator 58 upward, as 
shown in Fig. 3. Within the actuator cup 59 of the actu- 
ator 58 is the outer annular magnetic element 74 which 
is magnetically coupled through the tubular member 34 
to the valve stem 16. The valve stem 16 includes the 
inner annular magnetic element 90 that maintains align- 
ment with the outer annular magnetic element 74. The 
valve stem 1 6 further includes the magnet mounting por- 
tion 82 that holds the inner annular magnetic element 
90 to the needle tip portion 76 of the valve stem 16. As 
the valve stem 16 is drawn upward by the magnetically 
coupled actuator 58, the needle tip portion 76 of the 
valve stem 16 moves from the closed position to the 
open position, drawing away from the valve seat 1 4 and 
allowing the pressurized liquid to dispense through the 
dispensing orifice 80. Once the pressurized air is re- 
duced or eliminated at the air entry port 54, the restoring 
force ot the upper spring mechanism 65 acts pushing 
the actuator 58 downward, and hence the magnetically 
coupled valve stem 1 6 moves from the open position to 
the closed position. 

[0029] Although the preferred embodiment utilizes 
the inner magnetic element 90 surrounded by the outer 
magnetic element 74, other geometries could be substi- 
tuted. For example, the valve actuator may merely be 
adjacent to the valve stem but not encompass the valve 
stem. In this instance, the tubular member could be sub- 
stituted with a barrier member shaped to allow the lon- 



gitudinal travel of the actuator and valve stem. Also, the 
upper spring mechanism could be replaced by a pres- 
surized cavity or may be positioned in the lower cham- 
ber of the actuator cavity biasing the valve to the open 
5 position rather than the closed position. In this latter 
case, air pressure may be used to close the valve rather 
than open the valve. 

[0030] Although a specific description has been given 
for the preferred embodiment of this invention, those of 
io ordinary skill in the art will readily recognize many mod- 
ifications and substitutions that may be made in con- 
structing the present invention without departing from 
the spirit or scope thereof. As only some examples in 
addition to those already given, the magnetic elements 
15 need not be shaped as shown in the preferred embod- 
iment, and may be formed of any suitable magnetic ma- 
terial. In addition, the pneumatic and hydraulic sections 
of the body may be separated by a barrier extending 
transversely to the valve stem, as opposed to the barrier 
20 shown herein to extend parallel to the valve stem. Also, 
the valve stem in the preferred embodiment need not 
extend through the stacked magnets and spacers. For 
example, the magnets and spacers may be bonded to 
each other and suitably connected to the needle tip 
25 while also leaving an orifice for liquid to communicate 
with the inner, aligned openings of the annular magnets 
and spacers. Other various modifications may be made 
including the substitution of elements among the various 
embodiments. In summary, the scope of the invention 
30 entitled to patent protection is not meant to be limited to 
the details described herein but is intended only to be 
guided by the scope of the appended claims.. 



35 Claims 

1. A device for dispensing a liquid comprising: 
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(a) a dispenser body having an actuator cavity, 
a liquid passage and a valve seat positioned 
within said liquid passage; 

(b) a valve stem mounted for movement in said 
liquid passage between an open position and 
a closed position relative to said valve seat; 

(c) a first magnetic element connected to said 
valve stem and movable therewith; 

(d) a barrier between said actuator cavity and 
said valve stem for preventing leakage of the 
liquid between said actuator cavity and said liq- 
uid passage; and 

(e) an actuator mounted for movement within 
said actuator cavity and magnetically coupled 
to said first magnetic element, whereby move- 
ment of said actuator moves said first magnetic 
element and correspondingly moves said valve 
stem between said open position and said 
closed position. 
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2. The liquid dispensing device of claim 1, wherein 
said actuator further comprises a piston and said 
actuator cavity further comprises a pressurizable 
chamber receiving said piston for sliding movement 
therein. s 

3. The liquid dispensing device of claim 1, wherein 
said body further comprises a spring mechanism 
operably connected to said actuator to provide a re- 
storing force to return said actuator to said closed io 
position. 

4. The liquid dispensing device of claim 1, wherein 
said barrier comprises a tubular member within said 
body, said tubular member encompassing a portion is 
of said valve stem which is contained within said 
actuator cavity. 

5. The liquid dispensing device of claim 4, wherein 
said barrier further comprises a static liquid seal be- 20 
tween said tubular member and said body. 

6. The liquid dispensing device of claim 1, wherein 
said first magnetic element further includes a plu- 
rality of first magnets which are alternately stacked. 25 
with magnetically conductive spacers., and wherein 
said actuator further includes a plurality of second 
magnets which are alternately stacked with mag- 
netically conductive spacers. 

30 

7. The device of claim 6, wherein said first and second 
magnets are annular rare earth magnets. 

8. The device of claim 1, further comprising a valve 
stem plug adjustably defining a maximum open po- 35 
sition of said valve stem. 

9. The device of claim 4 further comprising a lower 
spring mechanism and an upper cap operably con- 
nected to said body, said upper cap pushing said 40 
tubular member, the lower spring mechanism oper- 
ably connected to said tubular member to yieldingly 
resist pushing of said tubular member by said upper 
cap. 

45 

10. The device of claim 1 further comprising a second 
magnetic element connected to said actuator and 
magnetically coupled to said first magnetic element. 

11. A device for dispensing liquid comprising: so 

(a) a dispenser body including a liquid passage 
and a constriction; 

(b) a valve seat disposed in said liquid passage 
and having a dispensing orifice communicating ss 
with said liquid passage; 

(c) an actuator cavity disposed in said body, 
said constriction disposed between said actua- 
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tor cavity and said liquid passage; 

(d) a valve stem mounted for movement within 
said body between an open position and a 
closed position relative to said valve seat, said 
valve stem having a first magnetic element con- 
nected for movement therewith; 

(e) a tubular member contained within said 
body and sealed to said constriction; and 

(f) an actuator mounted for movement within 
said actuator cavity, said actuator magnetically 
coupled to said first magnetic element and 
thereby operable to move the valve stem be- 
tween said open position and said closed posi- 
tion. 

12. The device of claim 1 1 , wherein the actuator further 
comprises a piston and said actuator cavity further 
comprises a pressurizable chamber receiving said 
piston for sliding movement therein. 

13. The device of claim 11 further comprising a lower 
spring mechanism and an upper cap operably con- 
nected to said body, said upper cap pushing said 
tubular member, said lower spring mechanism op- 
erably connected to said tubular member to yield- 
ingly resist pushing of said tubular member by the 
upper cap. 

14. The device of claim 1 1, wherein said first magnetic 
element comprises an inner magnetic element en- 
compassed by said tubular member, and wherein 
said actuator further comprises an outer magnetic 
element magnetically coupled to said inner magnet- 
ic element. 

15. The device of claim 14, wherein said inner magnetic 
element includes a first inner magnet and a second 
inner magnet separated by a first magnetically con- 
ductive spacer, and wherein like magnetic poles of 
said first and second inner magnets face said first 
magnetically conductive spacer. 

16. The device of claim 15, wherein said actuator in- 
cludes an outer magnetic element, said outer mag- 
netic element including a first outer magnet and a 
second outer magnet separated by a second mag- 
netically conductive spacer, and wherein opposite 
magnetic poles of said first and second outer mag- 
nets face said second magnetically conductive 
spacer, the opposite magnetic poles of said first and 
second outer magnets being opposite to the oppo- 
site magnetic poles of said first and second inner 
magnets which face said first magnetically conduc- 
tive spacer. 

17. The device of claim 16, wherein said first and sec- 
ond inner magnetic elements and said first and sec- 
ond outer magnetic elements are annular rare earth 
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magnets. 

18. The device of claim 1 1 , further comprising an annu- 
lar static seal element disposed, at the constriction 
and sealing against the tubular member. 

19. The device of claim 18, wherein the annular static 
seal element is contained within a recess in the con- 
striction. 

20. A method for dispensing liquid trom a device includ- 
ing a body having a liquid passage with a dispens- 
ing orifice, a valve seat communicating with said 
dispensing orifice, a valve stem mounted for move- 
ment between open and closed positions relative to 
said valve seat, and an actuator cavity including an 
actuator for moving said valve stem, the method 
comprising: 

(a) sealing said liquid passage from said actu- 
ator cavity using a static seal; 

(b) magnetically coupling said valve stem to 
said actuator using at least one magnet; and 

(c) moving said actuator to thereby move the 
magnetically coupled valve stem to one of said 
open and closed positions. 

21. The method of claim 20," wherein sealing said liquid 
passage from said actuator cavity further comprises 
encompassing a portion of said valve stem in a tu- 
bular member and engaging an outside surface of 

. said tubular member with an annular static seal el- 
ement. 

22. The method of claim 20, wherein magnetically cou- 
' pling the valve stem to said actuator further com- 
prises connecting a first magnet to a portion of said 
valve stem and magnetically coupling said first 
magnet to a second magnet connected with said ac- 
tuator. 

23. The method of claim 20, wherein moving said actu- 
ator further comprises introducing pressurized air 
against a piston which forms part of said actuator. 

24. The method of claim 20, wherein moving said actu- 
ator moves the magnetically coupled valve stem to 
said open position and the method further compris- 
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moving said actuator in a second, opposite direction 
to thereby move the magnetically coupled valve 
stem in said second direction to said closed posi- 
tion. 
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Liquid dispensing device and methods utilizing a magnetically coupled valve system 



(57) A liquid dispensing device including a body (1 2) 
generally having an actuator cavity and a liquid pas- 
sage. A valve seat element (1 4) is connected to the body 
(12) and a valve stem (16) is mounted for movement 
within the body (12) with respect to the valve seat ele- 
ment (14). Inner and outer magnetic elements (90,74) 
are disposed around the periphery of the valve stem (1 6) 
to couple the valve stem (16) to the valve actuator (58). 
The inner magnetic element (90) is connected to the 
valve stem (1 6) for movement with the valve stem (1 6) 
within the body. The outer magnetic element (74) is con- 
nected with an actuator (58) and is slidable within the 
body in response to, for example, pressurized air being 
applied against the actuator. The magnetic elements 
(74,90) couple the valve stem (16) to the actuator (58) 
and eliminate the need for a dynamic seal between the 
valve stem (1 6) and body (1 2). 
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